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1. Introduction 

The AdS/CFT correspondence |2], [| 1 shows deep relations between the N = 4 super 
Yang-Mills (SYM) theory and the string theory in AdS$ x S 5 where the classical string 
solutions play an important role Q, for review and extensive list of references, see (9|. 
The energies of classical strings have been shown to match with the anomalous dimensions 
of the gauge invariant operators while an open string that ends on a curve at the boundary 
of AdS^ has been analyzed to study the strong coupling behavior of the Wilson loop in the 



gauge theory [[[[], |Tl], M l- 



Recently Alday and Maldacena in remarkable paper [|T^] 2 computed the planar 4- 
gluon scattering amplitude at strong coupling in the N = 4 SYM theory using AdS/CFT 
correspondence. The 4-gluon scattering amplitude was evaluated as the string theory 
computation of the 4-cusp Wilson loop composed of 4 light-like segments in the T-dual 
coordinates where a certain open string solution in AdS§ space is found to minimize the 
area of the string surface whose boundary conditions are determined by the massless gluon 
momenta and a dimensional regulariztion is used to regularize the IR divergence. 

As was shown in [^] these results are closely related to the remarkable observations in 
perturbative (planar N = 4) gauge theory: The scaling function /(A) can be either found 
as a coefficient in the anomalous dimension of gauge invariant large spin twist two operator 
or as a cusp anomaly of a light-like Wilson line |37], |38| . Then it was shown in |3^] that this 
fact has nice explanation in dual perturbative AdS§ x S 5 where the anomalous dimension 
of minimal twist operator is represented either by the energy of a closed string with large 
spin S S> 1 in AdS§ M or it follows the open string picture, i.e. from the area of a surface 



ending on a cusp formed by two light-like Wilson lines on the boundary of AdS§ 3£]. Then 
it was argued that these two approaches are (under specific scaling limits) close related 
when they become equivalent upon certain analytic continuation that is needed to convert 
the Minkowski world-sheet coordinates in the closed string case into the euclidean one in 



1 For review, see ^, q, ^ 

2 For some recent papers "see || [u| §[ [Tsj, [l| g 0, || || || ^ g, H fo[ ||, || 

,||||. 
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the open string Wilson loop case and AdS$, i.e. conformal SO(2, 4) transformation. Then 
it was shown in that the world-sheet surface studied in |l3| can be related (before an 



IR regularization) to the cusp Wilson loop surface found in [39| using 50(2,4) isometry of 
AdS 5 . 

It is remarkable that string with euclidean world-sheet that is embedded in ordinary 
Minkowski space-time plays such a cruical role in AdS/CFT correspondence. In fact, 
it is well known that string theories naturally contain in their spectra extended objects 



with euclidean world-sheet signature (S-branes, S-strings 43, 44, [45]) even if their precise 
definition is unclear. On the other hand we mean that it is certainly important to study 
properties of these objects and try to identify their possible applications. In fact the goal 
of this paper is to investigate the dynamics of the bosonic string with the euclidean world- 
sheet metric in AdS^ x S 5 and try to see how it is possible to extend the classical solution 



found in [32 to more general case. Recall that the ansatz given in |3^] describes light-like 
Wilson line that ends on the boundary of AdS§. Our goal is to generalize this solution to 
the case when we allow non-trivial configuration of the string on S 5 . We find that in case 
of light-like Wilson line solution the dynamics of the string on AdS§ decouples from the 
dynamics on S 5 as a consequence of the fact that AdS§ part of the Virasoro constraints 
vanishes separately. On the other hand it is important to stress that solution that describes 
dynamics of the string on AdS§ corresponds to open string with infinite extend. Then in 
order to derive finite value of the string action that is evaluated on the classical solution 
we have to impose cut-off on the time and space extend of the world-sheet theory. It is 
clear that the same cut-off has to be performed for S 5 part of the action as well. Imposing 
this cut-off we can explicitly evaluate the action on given solutions that presumably give 
some interesting phenomena in dual CFT. 

As the second example we study another class of the euclidean solution that was given 
in [j32j | and in [|l4| l . This solution arises from euclidean continuation of the world-sheet time 
coordinate from the homogeneous solutions |4^] . We find that for this solution Virasoro 
constraints corresponding dynamics on AdS§ are non-zero and consequently the solution 
on AdS$ is related to the solution on S 5 . This result suggests that an equivalence between 
euclidean continuation of the homogeneous solutions given in pl| [42| and light-like Wilson 
loop solution-where dynamics on AdS§ decouples from dynamics on S' 5 -does not generally 
hold when we include non-trivial dynamics on S 5 . 

The organization of this paper is as follows. In the next section (||) we introduce the 
notation and we solve the equations of motion for the string with euclidean world-sheet 
theory that moves on S 5 . We analyze two particular solutions, the first one corresponding 
to the homogeneous motion and the second one that is analogue of the magnon solution 
given in [f40[| . Finally in conclusion (||) we outline our results and suggest possible extensions 
of this work. 

2. Euclidean String on AdS 5 x S 5 

Our goal is to study exact solutions of the closed string theory in AdS^ x S 5 where the 
fundamental string has world-sheet theory with the euclidean metric signature while the 
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target space-time has Minkowski signature. Before we start this analysis we review nota- 
tions for coordinates in AdS§ [32|. In global coordinates (p, t, (f>, 9%, 62) the line element of 
AdS§ takes the form 



ds 2 = R 2 (dp 2 - cosh 2 pdt 2 + sinh 2 p(d<f> 2 + cos 2 <\> x dB\ + sin 2 4>d0l)) , (2.1) 

where R is radius of AdS§ and S 5 . It is convenient to introduce the embedding coordinates 
X M , M = (0, . . . , 5) on which SO (A, 2) is acting linearly. In these coordinates the line 
element takes the form 

ds 2 = dX M mN dX N , TjMN = (-1, 1, 1, 1, 1, -1) • 

(2.2) 

Note that the global coordinates are related to the embedding coordinates as 

X° + iX 5 = R cosh pe u , X 1 + iX 2 = R sinh p cos (p^ 1 , X 3 + iX* = R sinh p sin 4>e i(>2 . 

(2.3) 

We can also introduce Poincare coordinates where the boundary of AdS§ is at z = 

ds 2 = -^(dx m dx m + dz 2 ) , x m x m = -x\ + x 2 , i = 1,2,3, (2.4) 

where 

X° = ^, X i = ^-, X i = U-l + z 2 + x m x m ) , X 5 = ±(l + z 2 + x m x m ) . 
z z 2z 2z 

(2.5) 

Finally, we also use the embedding coordinates Y p , P = 0, . . . , 5 for the embedding coordi- 
nates of S 5 with euclidean metric 5pq. Then the dynamics of bosonic string on AdS$ x S^ 
is governed by the action 

S = S AdSs + S S5 , 

S AdS5 = 4^7/ dadr^( 1 aP d a X M d p X N r ] MN + A(X M V M N X N + R 2 )) , 

sSs = Z^b / dTd ^y/iin aP d a Y p dpY^5 PQ + a(y p 5pqY® - r 2 )) , (2.6) 

where is world-sheet metric with euclidean signature so that in the conformal gauge 
the line element takes the form ds 2 = dr 2 + da 2 . 

Finally, A, A given in ( |2.6| ) are Lagrange multipliers that impose conditions X M t]mnX n = 
-R 2 ,Y P 5 PQ Y Q = R 2 . Using @ it is easy to determine corresponding equations of mo- 
tion. The variation of S AdSs with respect to X M and with respect to A gives 

d a (^ a(3 d^X M )-AX M = , 
X M X M = -R 2 . 

(2.7) 
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If we multiply the first equation in (^7j) with Xm we obtain 

A = ^d a X M d a X M , 



(2.8) 



where we also used the conformal gauge j a p = 8 a p. In the same way the variation of S 5 
with respect to Y p and A gives 

d a [8 aP dpY p ] - AY P = , 

Y p 5 pq yQ = R 2 , A = ~d a Y p SpQdpY c iS^ . 

(2.9) 

Following we consider an ansatz that for z = ends on two light-like lines at boundary: 



y/2: 



u , it = e 



(XT — 0(7 



x = aa + /3r , 



(2.10) 



where a, /3 are real parameters. If we write the line element in Poincare coordinates as 
ds 2 = —^{dz 2 — du 2 + u 2 dx 2 + dx\ + dx\) , xo = - ucoshx, El = u sinh. x (2-H) 



then the ansatz ( 2,10| ) takes the form 



XQ = e aT -P a cosh(aa + (3t) , x x = e aT ~ pa sinh(aa + (3t) , x 2 = x 3 = . (2.12) 

Finally, in the embedding coordinates the ansatz ( 2.1C| ) takes the form 

R R 

X° = —= cosh(acr + (3t) , X 5 = —= cosh(ar — /3 a) , 
V 2 V 2 



R R 
X 1 = — sinh(aa + 0r) , X 4 = — sinh(ar - (3a) , X 2 = X 3 = 
v 2 V 2 



(2.13) 



With analogy with ( |2.13| ) we propose following ansatz for the motion of string on S 5 

R R 

Y 1 = —= cos(7T + 5a) , Y 2 = —= sin(7r + da) , 
v 2 V 2 



Y 3 = -^= cos(7cr — <5t) , Y 4 = singer — 5r) 
v 2 v 2 



(2.14) 



where 7,5 are constants. Now it is easy to see that for the ansatz ( p. 13 ) A takes the form 

A = (a 2 + f3 2 ) 

(2.15) 

and consequently the ansatz ( |2.13 ) solves the equation of motion Q2.7| ). In the same way 
Q2.14|) gives 



A 



-(7 2 + ^ 2 ) 



(2.16) 
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and again it is easy to see that the equation of motion fl2.9|) are satisfied as well. 

As the next step we impose Virasoro constraints. Explicitly, the variation of the action 
( |2.6| ) with respect to world-sheet metric 7"^ implies the constraints 



2tt 5S _ AdS5 S5 _ 



where 



T^ 3 * = -Tff* = ^(d T X M d T X M - d a X M d a X M ) 
la 

TgS* = L dr x M d a X M , 
a' 

= -T* = ^{d T Y p d T Y P - d a Y p d a Y P ) , 
T% = ^d T Y p d a Y P , 



(2.18) 



where we considered the metric in the form 7 Q( g = diag(l, 1) and in the final step we used 
the equation of motion for A and A. Now for the ansatz ( |2.13j ) we obtain 



T AdSs = o T AdS 5 = Q 



On the other hand the S 5 part of the Virasoro constraints imply 

1 



(2.19) 



T% = 4^(7"-5 2 ) = 0, T%=0. 



(2.20) 



The first constraint implies that 7 2 = 5 2 while the second one is automatically satisfied. 
However the analysis performed above suggests that the dynamics on AdS§ decouples from 
the dynamics on S 5 for ansatz ( |2,13| ) . On the other hand when we evaluate action on given 
solutions we have to take integration cut-off into account. In fact note that the AdS§ part 
of the action is equal to 

S A d s 5 = y^ (a2 + /?2) r dTda (2 21) 

47T J 

where y/X = • As in we introduce following cut-off prescription 

r r 

InZ < ar - /3a < InL , -- < aa + (5t < - . (2.22) 
As the next step we introduce the coordinates 

m = ar — Pa , n = aa + /3t , 
am + ftn na — [3m 

T= a 2 + P 2 ' a= a 2 + P 2 ' 

(2.23) 
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where the Jacobian of the transformation from (r, a) to (m, n) is equal to J = gzq-p ■ Then 
we can easily evaluate (2.21) and we obtain 



5 Ad5s = = — (a 2 +/3 2 ) fdrda = 
Air J 

= — (a 2 +/3 2 ) / dm / dnJ 
4vr 7i nZ J_r 



"I - rin — • 

47T I 



(2.24) 



We see that the value of the action does not depend on a, /?. On the other hand when we 
evaluate S Ss for the ansatz ( p. 14 ) we obtain 

4vr J w ; 4vr a 2 + (3 2 I 

(2.25) 

However it would be more natural to express given action in terms of conserved charges. 
In fact, it is easy to see that the action S S5 is manifestly invariant under rotation 

Y =U N Y &Y +oj n Y , u N = — u M <C 1 (2.26) 

that implies an existence of following conserved charges 

jMN = J_[ da (Y M d T Y N - Y N 8 T Y M ) . (2.27) 
Ana' J 

Let us now define 

J X = J 12 , J 2 = J 34 , J 3 = J 56 . (2.28) 

Then for ( |2.14| ) we obtain 



(2.29) 



It turns out, however that for integration domain defined in ( 2.22j ) these charges explicitly 
depend on time. For that reason we restrict ourselves to the case when j3 = 0. Then 
— T- < a < T- and we obtain 

■/l = -Ja = ^7 / *r = q r 

87T / r_ 87T a 

(2.30) 

and hence we can write 
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In summary we obtain that the action evaluated on the solution is equal to 



S = ^ In jT + 16^1 In + jf ) . (2.32) 

To conclude, we found generalization of the solution 32] where we included non-trivial 
dynamics on S 5 . We also shown that this solution is valid for any values of parameters 
a, j3 and that Virasoro constraints do not imply any relation between the motion on AdS§ 
and S 5 . On the other hand we have argued that when we wanted to evaluate world-sheet 
action on these solutions we had to impose the same integration cut-off in both parts of 
the action. 

Let us now consider ansatz that is an analogue of the magnon-like solution [40]. To do 
this we restrict ourselves to the motion of the string on S 2 . Then it is convenient to use 
the parametrization 

Y 1 = Rsm9cos<p , Y 2 = R sin 9 sin (f> , Y 3 = Rcos9 (2.33) 

so that the line element on two sphere S 2 takes the form 

ds 2 = R 2 {d9 2 + sin 2 9d(j) 2 ) . (2.34) 

Then the action that determines motion on S* 2 takes the form 

R 2 f 

S S2 = - — - / dTda[5 a/3 d a 9dB9 + sin 2 96 al3 d a ^d^} . (2.35) 

47TO J 



Further we presume that the motion on AdS§ is determined by the ansatz ( 2.13 ) while for 
the motion on S 2 we propose an ansatz 

9 = 9{y) , = lot + 4>(y) , (2.36) 

where 

y = 7 r + 5a . (2.37) 



Using the simple form of the action (|2.35|) it is easy to determine corresponding equations 
of motion for 

[sin 2 9({j 2 + 5 2 )<p' + LJ~f)}' = (2.38) 
while the equation of motion for 9 takes the form 

{j 2 + 5 2 )9" - sin9 cos9({lj + -/ft) 2 + 8 2 4>' 2 ) = , (2.39) 



where (...)' = Note that (|3|) implies 



dy 

1 r B 



7 2 + 5 2L « 2 sin 2 



ury] , (2-40) 
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where B is constant. Further, using the fact that T^ Ss vanishes separately we use the 
Virasoro constraints 7~j? = in order to determine differential equation for 9 



3/2 



sin 



7 2 -S 2 
1 



r B 2 



( 7 2 + 5 2 ) 2l m S m 2 6 



2,2 ■ 2 q , 4jBu6 2 
u o sin 9 + 



R 2 (j 2 -5 2 )' 



(2.41) 



using ( |2.40| ). On the other hand when we consider the second Virasoro constraint = Q 
we obtain 

= #'V + sin 2 e(uS4>' + ~f54>' 2 ) = (2.42) 
that together with the constraint = implies 



7 2 + 5 2 



and consequently 



Ul5 



-(St - 7a) . 



(2.43) 



(2.44) 



r 7 2 + <5 2 

Further, when we compare (l2~43|) with dg| ) we obtain that B = and consequently (|2.4l| ) 
implies following differential equation 



u8 



7 2 + 8 2 



sm( 



that has the solution 



cos 9 



sinh(^(7T + H) 



cosh(^( 7 r + H) ' 
Let us now evaluate the S2 part of the action for the ansatz ( |2.36| ) 



(2.45) 



(2.46) 



S S2 



4tt 

Vx 

2vr 



dadT[9' 2 {-/ 2 + 5 2 ) + sin 2 6[(u + ^<j>'f + 6 



l\2 , r2T/2i 



2x2 



drda 



uj 2 8 



7 2 + <5 2 



sm 



(2.47) 



In order to evaluate the action ( p. 47 ) appropriately we have to impose the integration 
cut-off that arise from the analysis of the dynamics of AdS§ string and we obtain 



2vr 7 2 + 5 2 



InL 



dr 



1 

a In I 



r 

2n 



da- 



in — . 



^_""cosh 2 (^(7r + ^)) vra"" i 



(2.48) 
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Let us calculate the charge related to the isometry along direction 



\/X f 2< * 9 

J <b = ~z — / dcrsin 0(w + 7^ ) 



U / 2a 1 y/X 

aa 



2vr 7 2 + 5 2 J„r_ cosh 2 ( ( 7 r + 5a) ) 2vra 



(2.49) 



and hence we obtain the result that 



5 S2 = 2 In - . (2.50) 

Interestingly, due to the profile of the classical solution the action does not depend on the 
spatial cut-off V. It would be certainly interesting to find the dual CFT interpretation of 
such a configuration. 

Now we proceed to the generalization of the second type of the euclidean world-sheet 
solution [jT3[| . We start with the equations of motion for bosonic string with Minkowski 
metric 

d a [ V a %X M ] - ± (ri^d a X N d p X N ) X M = , 



d a [r, a PdpY p } + (rj^daYQdfsYg) Y p = 



where 77 = diag(— 1, 1). Let us then consider following ansatz 3 

X° = R cosh aa cos /5r' , X 1 = R sinh aa cos f3r' 
X 5 = R cosh aa sin (3t , X 2 = R sinh aa sin /3r' , 



(2.51) 



(2.52) 



where r' is now time-coordinate on Minkowski world-sheet. We again find that the equa- 
tions of motion are satisfied for any a, (3. As the next step we perform an analytic continu- 
tion t' = —it and hence 



X° = R cosh aa cosh 0t , X 1 = R sinh aa cosh (3t , 
X 5 = iR cosh aa sinh /3r , X 2 = iR sinh da sinh (3t' . 



(2.53) 



If we now write X 2 = iX' 5 , X 5 = iX 2 we obtain 



X 10 = R cosh da cosh 0t , X' 1 = R sinh da cosh /3r , 
X' 2 = R cosh da sinh /3r , X' 5 = R sinh acr sinh 0r . 



(2.54) 



3 The solution (2.52) belongs to the class of homogeneous string solutions as the rigid circular string 
found in fill El. 
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Finally we perform rotation in (0, 5) and (1,2) plane and we obtain 



X 5 
X 1 
X 2 



R 



X'° + X' 5 
X'° - X' 5 R 



—= cosh(dcj + (3t) , 
v2 



V2 
X' 1 + X' 2 

X' 1 - X' 2 
V2 



cosh(d<7 — (3t) , 
sinh(do" + $r) , 



V2 
R 

R 

— sinh(do" — (3t) 



(2.55) 



Let us now check properties of the ansatz ( |2.55| ). Firstly, it is easy to see that A is equal 
to 

A = (a 2 + P 2 ) (2.56) 

and hence the equations of motions are satisfied. On the other hand the Virasoro con- 
straints = -T^ = is equal to 



1 TT 



(2.57) 



and we see that AdS§ part of the stress energy tensor does not vanish. Then let us again 
consider the motion on S 5 that is parameterized with the ansatz ( |2.14| ). In this case 
Virasoro constraints T TT = T^ S5 + = implies 



TT 

(3 2 - a 2 + 7 2 - 5 2 = . 



(2.58) 



Consequently the action evaluated on the ansatz (|2.14[) and ( 2.55 ) is equal to 



S =^0 2 + a 2 + 7 2 + S 2 ] J drda 
= ^t02 + 2 ]Tl L 



(2.59) 



where now we chose the integration cut-off — i < a < -~- , A In/ <t< A InL. Then we 
introduce charges Q 

S = — *— [ da(X 5 d T X° - X°d T X 5 ) , Si = — *— / da(X l d T X 2 - X 2 d T X l ) 
2ira J 2ira J 



(2.60) 



that for ( |2.55| ) are equal to 



So = ft— — / da sinh2dc = 
4vr J 

= - cosh— T ps- e0 , bi 

47r a (3 4-7T a 



-Sr, . 



(2.61) 
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In the same way we find that J\ , J2 defined in ( 2.27| ) and ( |2.28| ) are equal to 

j 1 = ^2r, j 2 = -^tr. (2.62) 

8tt p 8tt (3 y J 

Then we can write the action in an alternative form 

o 87r 02 -2fr ri L 32vr J 2 L 

S = Tx S e * rin T + — T ln T . (2.63) 

It is important to stress that now a and j3 are not arbitrary but are determined by charges 
Ji, J2 through the relation fl2.58| ) . In particular, the condition a = (3 = 1 can be imposed 
in case when — 5 2 = (equivalently when J 2 = J 2 ). We will discuss consequence of this 
result below. 

Let us again consider magnon-like solution where now we have to take into account 
nonzero contribution from AdS§ part of the Virasoro constraint that we denote as TAdS 5 = 
4^jK 2 . Then the vanishing of the total T TT = T^ Ss + = implies 

Ql2 k2 Sm 2 6 „,I/\2 c2 7/2 1 _ 



R 2^2 _ #2) 7 2 _ 5 2 



[(w + 70' 



' ^ ^ ^ 2 sin 2 0+^( 7 2 -^)] 



(7 2 + 5 2 ) 2l i?4 sin 2 - #2' 



(2.64) 



On the other hand the second Virasoro constraint T rcr = implies 

T Tff = e' 2 j5 + sin 2 0(w50' + j5(j}' 2 ) = (2.65) 
that together with the constraint T TT = gives 

k 2 7 + Buj = 



(2.66) 



using also the fact that the equation of motion for takes the form 

1 r B 



Y 7 2 + <5 2L i? 2 sin 2 

Finally we obtain 



ury] • (2-67) 



i^ 2 
( 7 2 + py sin 2 # 



'2 w u r/„;„2 /i ji / r\/„;„2 



[(sin 2 9 - M) (sin 2 8 - N)} 



lo 2 R 2 ' 5 2 R 2 lu 2 ' 

(2.68) 

We see that in order to have real solution we should perform an analytic continuation 

to = iuj ,7 = 27 . (2.69) 
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Then we finally obtain 



(S 2 — 7 2 ) sin l 

where 



(sin 2 9 - sin 2 0i)(sin 2 6 2 - sin 2 9) , (2.70) 



Sin201 = ^' Sin ^ 2 = i^' (2 - ?1) 
Following |^7j we can now distinguish two limiting configurations: either giant magnon 
solution where sin 2 9\ = 1 or spike solution where sin 2 62 = 1. Let us firstly consider giant 
magnon solution. The action evaluated on this solution takes the form 

S = ^ [ drda[{5 2 - j 2 )9' 2 + ^ + - .f. . ] = 

4ir J <5 2 -7 2 (<5 2 - 7 2 )i? 4 sm 2 9 

& 2 5 2 V\ r, , sin 2 9(1 + sin 2 2 ) a/A tD 2 (<5 2 + 7 2 ) T L 
— zrrr / ctTao- — — = — — rr^— m — . 



(2.72) 



M$ 2 ~ I 2 ) J sin 2 9 2tt (S 2 - 7 2 ) I 

Interestingly, for spike solution (sin 2 #2 = JFP^p = 1) we find 

S to* (2.73) 

27r 7 2 (5 2 - 7 2 ) p I 

where now uj is related to k 2 = R 2 (/3 2 — a 2 ) through the relation ( j2.66Q . 

It is important to stress that for a = P = 1 the ansatz ( 2.13|) is related to the ansatz 



( 2.55 ) where a = p = 1. In other words, the scaling limit of the spinning closed string 
solution is equivalent, upon an analytic continuation to the euclidean world-sheet combined 
with a discrete SO(2, 4) rotation in AdS^,, to the global AdS^, version of the null cusp 
solution given in ( |2.13[ ) (For a = P = a = = 1). However as was shown above in case 
when we include non-trivial dynamics on S 5 this is not generally true since now a, are 
functions of the conserved charges related to the dynamics on S 5 while in case of the null 
cusp solution ( |2.13| ) the dynamics on AdS$ decouples from the dynamics on S 5 at least on 
the classical level. 



3. Conclusion 

In this section we give short summary of results derived in this paper. Our goal was to study 
some solutions of open string with euclidean world-sheet that propagates in AdS^ x S 5 . 



We started with the review of solution presented in [ 32 ] and we found that this solution is 
valid for any real parameters a, 0. We also shown that Virasoro constraints for this solution 
vanish. This has an important consequence when we included non-trivial dynamics on S 5 
that now naively decouples from the dynamics on AdS§. 



Then we also considered second form of the solution that was presented in [14]. We 
shown that this solution has non-zero contribution from the AdS§ part and hence the 
motion on S 5 does not decouple from the motion on AdS§. We calculated the values of 
world-sheet actions on these solutions. 
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To conclude we mean that the dynamics of euclidean string in AdS$ x S 5 has many 
interesting properties that deserves further study. It would be certainly very interesting 
to clarify the relation of the solutions found there to scattering phenomena in dual QFT 
living on the boundary of AdS^. 
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